Study design: The present descriptive clinical and laboratory study is cross-sectional in design. Objectives: The primary aim is to describe and compare resting energy expenditure (REE) and energy expenditure (EE) during different standardized sedentary, non-exercise and exercise activities in people with motor-complete paraplegia (Th7 to Th12.). A secondary aim was to compare men and women. Methods: Thirty-eight adults (10 women) with SCI, T7-T12 AIS A-B, were recruited. All the data were collected through indirect calorimetry. REE was measured in supine for 30 min after 8 h of overnight fasting. Activity energy expenditure (AEE) for activities was measured for seven minutes during sedentary, non-exercise physical activity (NEPA) and exercise activities. Results: AEE increased four to eight times when engaging in NEPA compared to that in sedentary activities. Men had significantly higher resting oxygen uptake compared to women, 0.19 vs 0.15 l min − 1 (P = 0.005), REE per 24 h, 1286 vs 1030 kcal (P = 0.003) and EE during weight-bearing activities. However, these became nonsignificant after adjustment for body weight and speed of movement, with a mean resting oxygen uptake of 2.47 ml O 2 per kg min − 1 for the whole group (women 2.43 and men 2.57 ml O 2 kg − 1 min − 1 , P = 0.49). Conclusions: NEPA increases AEE up to eight times compared to sedentary activities. Gender differences in oxygen uptake during both rest and weight-bearing activities were diminished after adjustment for body weight. The mean resting oxygen uptake for the whole group was 2.47 ml O 2 kg − 1 min − 1 . These results highlight the importance, especially of NEPA, for increasing total daily EE in the target population. Spinal Cord (2017) 55, 774-781; doi:10.1038/sc.2017.27; published online 4 April 2017 INTRODUCTION Improvement in rehabilitation and medical care for people with a spinal-cord injury (SCI) has increased their long-term survival, resulting in lifestyle-and age-related health issues such as a higher risk of cardiovascular disease (CVD). 1,2 After a motor-complete SCI, the muscles below the level of injury start to atrophy and resting energy expenditure (REE) decreases during the first 6 months. 3, 4 Previous studies showed that paraplegics gained body weight during early rehabilitation, and another study showed that 3 years after the injury 44% were obese and 23% overweight. 5, 6 Also, the combination of low physical activity and a sedentary lifestyle may in the long-term increase the prevalence of overweight and obesity and other lifestylerelated chronic diseases such as CVD. 2, [6] [7] [8] [9] The first method of choice for CVD prevention in the general population is lifestyle changes, such as smoking cessation, increase in energy expenditure (EE) through regular physical activity, weight management and dietary control. 10,11 Because of changed conditions after a motor-complete SCI, these recommendations are not fully applicable on the SCI population, and evidencebased adapted CVD prevention programs for physical activity and weight control for the SCI population are scarce. However, some recent studies have included recommendations about how
INTRODUCTION
Improvement in rehabilitation and medical care for people with a spinal-cord injury (SCI) has increased their long-term survival, resulting in lifestyle-and age-related health issues such as a higher risk of cardiovascular disease (CVD). 1,2 After a motor-complete SCI, the muscles below the level of injury start to atrophy and resting energy expenditure (REE) decreases during the first 6 months. 3, 4 Previous studies showed that paraplegics gained body weight during early rehabilitation, and another study showed that 3 years after the injury 44% were obese and 23% overweight. 5, 6 Also, the combination of low physical activity and a sedentary lifestyle may in the long-term increase the prevalence of overweight and obesity and other lifestylerelated chronic diseases such as CVD. 2, [6] [7] [8] [9] The first method of choice for CVD prevention in the general population is lifestyle changes, such as smoking cessation, increase in energy expenditure (EE) through regular physical activity, weight management and dietary control. 10, 11 Because of changed conditions after a motor-complete SCI, these recommendations are not fully applicable on the SCI population, and evidencebased adapted CVD prevention programs for physical activity and weight control for the SCI population are scarce. However, some recent studies have included recommendations about how physical activity can improve muscle strength and cardiovascular endurance. 12 One underlying key factor in most prevention programs is adapted information regarding EE, expressed in kcal, during rest and activities. The gold standard for measuring EE is doubly labeled water or direct calorimetry; but these methods are not suitable for clinical settings. The most common method for clinical research is indirect calorimetry. 13 However, this method is too resource-intensive for clinical practice. Instead, practitioners estimate REE using validated equations. 14 Further, EE and activity intensities are often described as multiples of REE (expressed in metabolic equivalents, METs). 15 However, the use of these formulas for the SCI population is questioned, as they seem to overestimate both REE and EE during activity. [16] [17] [18] [19] [20] [21] [22] There are a small number of studies that have assessed EE in rest and during activities for persons with SCI, describing REE to be 14-27% lower compared to the general population. 23 Further, EE during activities calculated as METs are reported to be lower in the SCI population compared to the general population. 17, 21 However, these studies have only included small numbers of participants when assessing EE during activity 17, 21 and participants with a wide range of injury level, hence a wide range in available muscle mass.
Moreover, studies including women are scarce; 21 that is, women with SCI are understudied. Studies with strict inclusion criteria and larger homogenous subsamples from the SCI population are needed. 24, 25 Also, there is a need for studies including both men and women, as there are conflicting results concerning sex differences in energy metabolism and REE even after adjustment for body weight, reported in the general population. 16, [26] [27] [28] [29] The primary aim of the present study is therefore to describe and compare REE and EE during different standardized sedentary, non-exercise and exercise activities in people with motor-complete paraplegia (Th7 to Th12.). A secondary aim is to compare men and women.
MATERIALS AND METHODS
Thirty-eight participants (10 women) were included (Table 1) . They were partly recruited through a convenience sample from a database at a regional SCI unit in Stockholm. Other methods were advertisements at SCI-specific websites, and word-of-mouth. Initially the participants were contacted and informed about the study by telephone, and if interested to participate, written information was by mail. Inclusion criteria were individuals with SCI AIS A and B, injury level T7-T12, ⩾ 1 year post injury, age ⩾ 18 years, with absent or minimal spasticity, as reported with the spasm frequency scale (Penn) . 30 Exclusion criteria were known coronary artery disease, angina pectoris, chronic congestive heart failure, chronic obstructive pulmonary disease, hormone replacement therapy or shoulder pain.
Data were collected in Stockholm between May 2012 and September 2014. The REE data were collected in a laboratory and activity data in a clinical setting. All participants attended both the REE and activities. The study was approved by the Stockholm regional ethics committee, reference number 2011/1989-31/1. All the participants gave their informed written consent to participate.
Assessment of oxygen consumption at rest
REE was determined with indirect calorimetry in a thermoneutral environment, using a computerized metabolic system with ventilated hood and controlled airflow (Jaeger Oxycon Pro, Hoechberg, Germany). The system was switched on 30 min prior to data collection and calibrated with high-precision gas from a tank before each test using built-in automated procedures. All the tests were scheduled between 0730 and 1000 hours The participants fasted overnight (48 h) and were asked to refrain from nicotine and caffeine, and to avoid vigorous activity 24 h before testing. On arrival, the subjects were instructed to lie down and rest for 30 min on a bed in the quiet laboratory with the ventilated hood placed over the head and shoulders. The lowest steady VO 2 recorded for at least 10 min was used to calculate REE.
Assessment of oxygen consumption for the different activities
Fifteen standardized activities were selected to represent a wide range of intensities. The activities included two sedentary ones (defined as, behavior while sitting or lying down, ⩽ 1.5 METs 31 ), four NEPA, which are the predominant component of daily activity, and spontaneous physical activities, 1.5-6 METs. 32 Seven exercise activities, defined as 'planned, structured and repetetive bodily movment done to improve or maintain one or more componets of physical fitness' 3-18 METs. 33 The sedentary activities included watching television and desk-based computer work. The NEPA included setting a table following a standardized procedure, wheeling a manual wheelchair indoors at preferred 'walking pace', wheeling the wheelchair outside on asphalt at 'walking pace' or perceived as 10 to 11 (light exertion) on the Borg RPE scale, 34, 35 cycling outdoors at 'walking pace' or perceived as 10 to 11 on the Borg RPE scale. The exercise activities included hand bike outdoors at 'exercise pace', Borg 'somewhat hard' 13-14, ski ergometer work at 'exercise pace' perceived as 13 to 14 'somewhat hard', arm ergometer work at 18, 24, 36 or 42 Watts at 60 r.p.m. (Ergomedic 891E Monark, Sweden), weight training at 10 repetitions at each station and circuit-resistance training modified from Nash et al. (2001) . 36 The participants were asked to refrain from smoking and vigorous activity 12 h before testing. They performed each activity for seven minutes. The Jaeger Oxycon Mobile system (Hoechberg, Germany) was used to measure VO 2 and VCO 2 breath-by-breath, and the mean VO 2 during the activity. Values for the last 3 min of each activity were used to calculate EE. The system was calibrated and verified with reference gases and room air before the start of each test. A variation o3% for each steady-state measurement was accepted. The Jaeger system is valid down to 1.0 l/min compared to the gold standard-that is, the Douglas Bag method. 37 As our SCI population presented even lower VO 2 values during pilot testing, we performed a small validation study for lower VO 2 measurements. Ten men and women were asked to sit quietly for 10 min and, in random order, VO 2 was measured using the Oxycon Mobile system and the Douglas bag method. The last eight minutes were analyzed. Mean (s.d.) for the Oxycon Mobile was 0.281 (0.043) and for the Douglas Bag method was 0.270 (0.042), showing a nonsignificant difference with a mean of 0.011, 95% confidence interval; − 0.007 to 0.029.
Before each test, the participants were given verbal standardized information regarding the activity and a demonstration of how to perform it. The test gear was then fitted and wheelchair tire pressure checked. For the activities involving instruction about pace, the investigator used the standardized instruction and Borg RPE scale. 34, 35 For weight training, the instruction was to select a weight that the participant was able to lift ten times during a specific exercise in a calm and controlled tempo. The participants were also asked to perform the circuit-resistance training with one second for concentric phase and two seconds for the eccentric phase. Body weight was measured using a scale calibrated to the nearest 0.1 kg. Height was self-reported to the nearest centimeter. Regarding missing data, eighteen men and three women could not perform one or several activities (wheeling outdoors, hand biking outdoors, weight training, ski ergometer and circuit-resistance training) owing to weather conditions or technical problems. Twenty-two men and seven women did not perform hand biking outdoors at 'walking pace' and hand bike outdoors at 'exercise pace' because these activities were introduced at the second phase of the data collection. One subject could not manage the ski ergometer activity due to poor sitting balance.
Data analysis
The indirect calorimetry measurements were recorded and analyzed using the JLAB software (Carefusion, Hoechberg, Germany). All the data were then entered and further analyzed using SPSS version 22.0. Steady-state VO 2 -data (l/min) was used to calculate EE (kcals) during rest and for the different activities, using the thermal equivalents of oxygen for the non-protein respiratory exchange ratio (VCO 2 / VO 2 ). The MET values were obtained by dividing VO 2 (ml O 2 per kg min − 1 ) at steady state for each activity by the individually assessed VO 2 at rest. Energy expenditure during activities was also Energy expenditure in motor-complete paraplegia T Holmlund et al expressed as total energy expenditure (TEE) and activity energy expenditure (AEE), calculated from each participant's individual TEE − REE = AEE. The VO 2 (l min − 1 ) measurement variables assessed during rest and during the standardized activities were analyzed for normal distribution using the Shaprio-Wilk test to be able to compare with previous data. 17 As all the variables were normally distributed, the data are presented as mean (s.d.).
RESULTS
In the total study population, mean resting absolute oxygen uptake was 0.18 l min − 1 and 2.47 ml O 2 per kg min − 1 when related to body weight (Table 1) . Men had a significant higher resting oxygen uptake compared to women, 0.19 l min − 1 vs 0.15 l min −1 (P = 0.005), with a corresponding higher mean daily REE, 1286 kcal vs 1030 kcal (P = 0.003). Men were significantly taller and heavier than were women, resulting in a between-gender comparable resting oxygen consumption related to body weight-women 2.43 and men 2.57 ml O 2 per kg min − 1 , P = 0.49. Men had somewhat higher body mass index (BMI) than women had.
Total oxygen consumption and TEE as well as activity oxygen consumption and AEE for the thirteen standardized activities are presented for all participants and separately for women and men in Tables 2 and 3 , respectively. As the pace or rate for some of the activities were chosen according to relative intensity (Borg-scale), rather than absolute levels, there were large intra-individual variations. Subsequently, these values are presented per km h − 1 or watt. Table 3 also presents the mean MET values for each activity based on the individually assessed VO 2 at rest. The lowest total oxygen consumption and TEE were obtained for sedentary activities, increasing two-to threefold while engaging in the different NEPA activities. The highest values were obtained during the exercise activity wheeling wheelchair outdoors for men and hand bike outdoors for women. Men had in general higher total oxygen consumption and TEE, except for the sedentary activities and the arm-cranking exercises, the latter standardized to specific work rates for both men and women. However, when relating the oxygen uptake and EE to body weight, the gender differences became nonsignificant (except for weight training). Removing the influence of REE from the EE values obtained during activity (expressed as AEE, Table 3 ), indicated even greater relative increases in oxygen consumption and EE between sedentary and NEPA activities. Compared to watching TV, setting the table induced a more than fourfold AEE, with up to an eightfold increase while hand biking outdoors in walking pace. The highest AEE value was measured during wheelchair wheeling outdoors at 'exercise pace' for men, 14 times higher AEE compared to watching TV, and hand bike 'exercise pace' for women, 411 times higher AEE than watching TV. Men had higher activity oxygen consumption and AEE for the same activities as for the total values, and only weight training remained significantly different between genders after adjustment for body weight.
DISCUSSION
The main findings in this study were that EE above resting values, AEE, increased between four-and eightfold only by engaging in non-exercise activities of daily life compared to watching TV. Engaging in exercise activities increased the AEE even further, up to between 11-to 14-fold while wheeling outdoors in exercise pace (men) and hand bike outdoors (women). Moreover, resting oxygen consumption equaled 2.47 (ml O 2 per kg min − 1 ) in the total population, which is 30% lower than that reported for the general population. 15 Some gender differences in oxygen consumption and EE were seen in both in rest and during the activities; however, these became nonsignificant after adjustments for body weight.
The present resting oxygen uptake is similar or lower to previous studies on motor-complete and incomplete women and men, between 2.28 and 3.0 ml O 2 per kg min − 1 . 21,23,38-40 Lee et al. 21 reported a 25% higher resting oxygen uptake in motor-complete and incomplete paraplegic men and women with a mixed levels and completeness of lesion, 3.1 ml O 2 per kg min − 1 , compared to 2.47 ml O 2 per kg min − 1 in the present study. Collins et al. included only men with complete (52%) or incomplete T1-L4 SCI, and reported a resting oxygen consumption of 2.77 O 2 per kg min − 1 , which is slightly higher than that for men in the present study. The mean BMI for the participants (T1 to L4) in the study by Collins et al. 17 was similar as for men in this study (23.9) , and the remaining difference in resting oxygen consumption between the two samples probably are explained by the inclusion of both motor-complete/incomplete low-level injuries in the Collin study. This research field is still to be considered in an exploratory phase, as studies with injury-level homogenous samples including both genders are limited. As the resting values seem to vary according to injury completeness and level, a single accepted value for resting oxygen uptake may not be feasible to be obtained in the SCI population (as 3.5 O 2 per kg min − 1 is in the general population). In the present study, we included a large sample of men and women with motor-complete paraplegia between T7 to T12, an injury level span which is homogenous. Thus, for example, motor-complete injury above T7 might be influenced by impaired innervation of the sympathetic nervous system, which will reduce the cardiovascular function 41 and the amount of available muscle mass. Injuries below T12 on the other hand, affect the supply of motor innervation for hip and leg muscles. 42 Lower-body muscles have a higher EE because of their size and would most likely influence the REE. Further, it is still unclear whether regional adaptations in body composition may influence parameters of REE and AEE in persons with SCI. 43, 44 Hence, we believe that the values obtained in the present study may be representative of oxygen uptake and EE in men and in women within this homogenous group.
There is growing interest in research into how non-exercise activity can reduce risk factors and improve health in the general population. 32, 45 As demonstrated in the present study, the increase in AEE from sedentary activities to engaging in NEPA of daily life, such as setting the table or wheeling indoors, is highly clinically relevant and may be an important factor to consider when trying to increase total EE in everyday life and improve health for the target group. For example, a person weighing 80 kg who adds thirty minutes of wheelchair wheeling indoors (4 km h − 1 ) in bursts, and also performs household work for one hour, increases his or her AEE by about 150 kcal/day compared to watching TV during the period of time. This is comparable with one hour of wheeling outdoors at exercise pace (8 km h − 1 ). As a high proportion of the SCI population is reportedly physically inactive, 24 it might be a shorter step to go from being mainly sedentary to perform non-exercise activities of daily life rather than to start with exercise activities. Therefore, knowledge about AEE and how NEPA can contribute to an increase in total daily energy expenditure may act as motivation for people with a SCI, and may provide an evidence-based foundation for SCI personnel developing and working with prevention programs. For example, in the general population NEPA has been associated with lower insulin resistance in type 2 diabetic patients. 46 Further, that paraplegics who are physically active during leisure time at mild-to-moderate intensity for more than 25 min per day have been reported to have lower BMI, smaller waist circumference, less insulin resistance and lower systolic Energy expenditure in motor-complete paraplegia T Holmlund et al Table 2 Total oxygen consumption and total energy expenditure for standardized physical activities in people with T7-12 motor-complete SCI Energy expenditure in motor-complete paraplegia T Holmlund et al Table 3 Activity oxygen conusmption and activity energy expenditure for standardized physical activity in poeple with T7-12 motor-complete SCI (6.7-8.9 ); men 9.4 km h − 1 ( 6.7-12) .
Energy expenditure in motor-complete paraplegia T Holmlund et al blood pressure, compared to inactive/sedentary people. 47 Moreover, persons who wheeled 2.1 km or more during a day had a lower BMI, 6 and paraplegics fat oxidation appears to be highest during low-level intensity Borg (RPEo9). 48 However, engaging in more intense exercise activities increases EE even further and with even greater effects on metabolic profiles, muscle strength and endurance capacity. [49] [50] [51] Regarding weight training, which may not be an activity with primary focus on EE, even though it had a moderately high EE. However, it is still important for preventing shoulder pain 52 and increasing muscle strength so as to be able to be as independent as possible in activities of daily life. 53 Further, AEE increased by 20% in circuit-resistance training than in weight training. This suggests that circuit-resistance training could be an effective exercise activity for both cardiorespiratory endurance and muscle strength. Additional muscle mass tissue increases both the AEE and REE. 36 This study also calculated SCI-specific MET values from the individual REE assessed in the present study. It is challenging to compare the MET values between studies of the SCI population, because of methodological differences such as how to cluster injury levels and completeness, and whether they measure wheeling speed when wheeling the wheelchair. 17, 21, 40, 54 However, interestingly, the SCI-specific MET values for sedentary and NEPA activities in the present study are similar when comparing with values reported for the general population. 15 This indicates that a person with SCI is able to increase his/hers EE with similar relative intensity as an ambulatory person does for activities of daily life. However, as absolute REE is lower in the SCI population, absolute and total EE for the activity performed during a specific time period will be lower for the person with SCI.
Men had significant higher absolute oxygen uptake and EE compared to women in rest and when engaging in both non-exercise and exercise 'weight-bearing' activities (except for hand bike outdoors, where only 3 women participated). However, these differences were diminished after adjusting for body weight and speed of movement. This is in line with previous research. 21 This may indicate that the differences seen for absolute levels in both rest and during weight-bearing activities probably were explained by a higher lean body mass and active muscle tissue mass among men. This is further strengthened by the nonsignificant differences between men and women for the arm-cranking with standardized work rates. Unfortunately, only BMI and no further measure of body composition are available, and this cannot be concluded in the present sample. Studies conducted in the general population report some differences between genders for resting values after adjustments for body weight. 16 However, these differences become nonsignificant after adjustment for lean body mass. 27 However, men in general tend to have higher maximum oxygen uptake, which may influence EE, and the exercise muscle metabolism is reported to differ between genders. 29 We believe that the intra-individual variation in EE is explained by other factors beyond gender differences. Approximately 70-80% of the variation in daily EE can be explained by fat-free mass in both the general and SCI population. 27, 55, 56 However, there is a large unexplained variability in EE between persons with similar lean body mass. More recent research suggests intra-individual variations in mitochondrial oxygen affinity (p50 mito )-that is, efficiency of the mitochondria. 57 This influences both EE in rest and during exercise. Moreover, variation in thermogenic brown adipose tissue is another recently highlighted factor to explain intra-individual variations in EE beyond variation in lean body mass. 57 Brown adipose tissue has initially been considered as only present as heat generator in new born babies to preserve core temperature, but it has now been detected also in adults. 58 Brown adipose tissue possesses a large numbers of mitochondria, in which substrate metabolism consists of mainly free fatty acids (up to 90%) released as heat. 59 Neither variation in p50 mito nor brown adipose tissue have been demonstrated to vary significantly between gender, but rather depending on other intra-individual factors.
There is little research on weight management and EE calculations from activities in the SCI population. One previous study suggested an education program for weight loss with a combination of energycalculated diet, PA and behavior changes. 60 The study was based on the time-calorie displacement dietary approach; once a week for 12 weeks the participants attended a 90-min group class. The intention of the classes was to increase the knowledge of nutrition and exercise on weight control. The study resulted in significant weight loss for the group. The results from this study and similar ones might add information regarding SCI-specific AEE that could be useful when designing therapeutic lifestyle-based intervention programs.
Strengths and limitations
This study is limited by the low number of participants, few of whom were women, compared to studies in the general population. This may limit the possibility to find differences between men and women. Further, there was no control group for comparing REE and EE during activities. In the present study, we only measured weight and height of the participants, with subsequent calculation of BMI. We are aware that BMI has its limitation in describing body composition in the SCI population. 61 However, when dividing VO 2 (l/min) in rest and for the different activities with body weight, only small differences between men and women are left, indicating small variation in body composition between men and women. Other measurements that better reflect body composition, such as DEXA, would have been preferable to further elucidate and explore intra-individual differences in REE and EE. This might have added further information that could have deepened the understanding of the results. Last, the results are not generalizable to the whole SCI population. Strengths are that all the data were collected in close approximation with real-life conditions, with a homogeneous group regarding injury level, and 25% women. Further, all the participants got the possibility to carry out both the REE and all the activities. The study also provides information on energy expenditure without resting energy expenditure, which is useful for calculating total daily energy expenditure.
CONCLUSION
The main findings in this study of people with motor-complete SCI are that non-exercise activities of daily life, such as setting a table and propelling a wheelchair indoors/outdoors, increase AEE up to eight times compared to sedentary activities. AEE during exercise increased even more, up to 14 times during hand bike outdoors in men. REE equaled 2.47 ml O 2 per kg min − 1 , which is similar or lower to previously reported values in the SCI population. This may be due to larger variation in completeness and level of injury in other studies compared to the present. No or small differences in REE or AEE were seen between women and men after adjustment for body weight and speed. These results are highly clinically relevant and highlight the importance of engaging in both non-exercise activities of daily life as well as exercise to increase total daily EE in the target population. More research is needed and should include people with tetraplegia and incomplete injuries.
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